A compound required for the luxuriant growth of Lactobacillus sanfrancisco in laboratory media was isolated from a freshly prepared yeast extract, purified, and characterized. The stimulant was identified as a small peptide with a molecular weight of approximately 1,065, containing aspartic acid, cysteine, glutamic acid, glycine, and lysine. To 100 ml of 5% (wt/vol) FYE dialysate in distilled water was added 400 ml of a 3:1 mixture of acetone and ethanol. The mixture was held at -5°C for 4 h and then centrifuged in the cold to sediment the precipitate. The clear supernatant was decanted, reduced to dryness under vacuum, and dissolved in 100 ml of distilled water. This solution, which formed no further precipitate when treated with 10% trichloroacetic acid, was lyophilized and stored at 4°C.
is currently available as ATCC 27653, was obtained from the U.S. Department of Agriculture Western Regional Research Laboratory, Albany, Calif. This bacterium was routinely grown and transferred in the sourdough broth described by Kline and Sugihara (4) , which contains 0.5% freshly prepared yeast extract solids as an essential ingredient. Between transfers, cultures were stored at 40C.
Growth assay. A basal medium consisting of 2.0% maltose, 0.3% yeast extract (Difco Laboratories), 0.6% Trypticase (BBL Microbiology Systems), 0.03% Tween 80, and 0.001% MnSO4 (all components weight/ volume in distilled water), adjusted to pH 6.0 with 1 N HCl, was used to study the stimulatory effects of FYE To 100 ml of 5% (wt/vol) FYE dialysate in distilled water was added 400 ml of a 3:1 mixture of acetone and ethanol. The mixture was held at -5°C for 4 h and then centrifuged in the cold to sediment the precipitate. The clear supernatant was decanted, reduced to dryness under vacuum, and dissolved in 100 ml of distilled water. This solution, which formed no further precipitate when treated with 10% trichloroacetic acid, was lyophilized and stored at 4°C.
A 50-mg amount of the stimulant contained in 0.5 ml of distilled water was applied to a column (1.3 by 21 cm) of Bio-Gel P-2 (100 to 200 mesh; Bio-Rad Laboratories) and equilibrated at room temperature with distilled water. The column was eluted with distilled water at a rate of0.5 ml/min, and 2.5-ml fractions were collected. Fractions were combined according to their absorbance at 260 nm, lyophilized, and assayed for growth-promoting activity.
Diethylaminoethyl Sephadex A-25-120 was obtained from Sigma Chemical Co. and converted to the acetate form. The ion exchanger was suspended in 0.5 M triethylammonium acetate buffer, pH 4.7 (starting buffer), prepared as described by Caldwell (1), packed into a column (1.3 by 25 cm), and equilibrated at room temperature with starting buffer. The lyophilized active fraction from the gel filtration was dissolved in 0.5 ml of starting buffer, applied to the column, and eluted with a gradient of 0.5 to 1.5 M triethylammonium acetate buffer, pH 4.7. Fractions of 2.5 ml were collected at a flow rate of 0.5 ml/min, combined according to their absorbance at 260 nm and by the relative intensity of the ninhydrin reaction, lyophilized, and tested for growth-promoting activity.
The cation-exchange resin AG50W-X8 (H+ form) was obtained from Bio-Rad Laboratories. After being washed with 0.3 N HCl, the resin was packed into a column (1.3 by 20 cm) and washed with distilled water until the eluate gave a negative test for chloride ions. The active fraction obtained from anion-exchange chromatography was dissolved in 2 ml of distilled water and applied to the column. The column was washed with 200 ml of distilled water and then eluted with 200 ml of 2 N NH40H. Both the effluent and the eluate were lyophilized and tested for growth-promoting activity.
The procedure of Markovitz and Steinberg (6) as modified by Koburger et al. (5) was used to remove free amino acids from biologically active components. The active fraction after cation-exchange chromatography was dissolved in 5 ml of citrate buffer (pH 2.5), 100 mg of ninhydrin was added, and the mixture was heated for 10 min in a boiling water bath. The reaction mixture was immediately cooled, filtered, extracted three times with 50-ml volumes of diethyl ether to remove unreacted ninhydrin, and lyophilized.
The active fraction was finally isolated by preparative thin-layer chromatography on 0.5-mm layers of Silica Gel G. The material remaining after the destruction of free amino acids was dissolved in 1 ml of distilled water and applied as a compact band on plates (20 by 20 cm). After development with the organic phase of an n-butanol-acetic acid-water (5:1: 4) mixture, a narrow strip at the edge of the plate was sprayed with ninhydrin to locate alpha-amino compounds on the chromatogram. The remainder of the band containing the stimulant was scraped off the plate and eluted with distilled water. The stimulant was then tested for growth-promoting activity and identified by amino acid analysis.
Chemical analyses. Ninhydrin-positive material was determined by the method of Moore and Stein (7), and carbohydrate was determined by reaction with anthrone (8) . The amino acid content of the stimulatory fractions isolated from FYE was determined with the aid of a Beckman model 120B amino acid analyzer.
RESULTS
The active fraction of FYE after separation on Bio-Gel P-2 was contained in a peak of material absorbing at 260 nm (Fig. 1) . This fraction also contained ninhydrin-reactive material and carbohydrate. When the stimulant-containing fraction was applied to a column of diethylaminoethyl Sephadex, three peaks of ninhydrinreactive material and one of material absorbing at 260 nm were resolved (Fig. 2) . The stimulant was contained in the second ninhydrin peak, which also gave a positive test for carbohydrate. Ninhydrin-reactive and carbohydrate materials were separated by adsorbing the former on a column of AG50W-X8 cation-exchange resin followed by batch elution with 2 N NH40H. Growth-promoting activity was found to reside with the ninhydrin-reactive fraction.
Amino acid analysis of the active fraction revealed the presence of eight amino acids; a mixture of amino acids approximating the composition of the active fraction was prepared and failed to affect the growth of the sourdough organisms. Acid hydrolysis of the active fraction resulted in quantitative and qualitative changes in the free amino acid composition of the stimulant. This observation suggested that the stimulant might be a peptide.
Free amino acids were destroyed by reaction with ninhydrin, and the active peptide was isolated by thin-layer chromatography on Silica Gel G, where it yielded a single ninhydrin-positive zone with an Rf of 0.21. The isolated peptide contained aspartic acid, cysteine, glutamic acid, glycine, and lysine. Based on the data in Table  1 , the molecular weight of the peptide was calculated to be approximately 1,065. This calculated value is in agreement with the behavior of the peptide during gel filtration, where it was included by Bio-Gel P-2 (exclusion limit = 1,800 daltons).
Equivalent amounts of growth stimulation of L. sanfrancisco were observed when either the isolated peptide or FYE was added to the basal medium (Table 2 ). This observation suggests that the isolated peptide was responsible for most of the stimulatory activity. (2) described the isolation and characterization of a series of peptides from wheat flour having an average chain length of 10 residues. Stimulatory peptides may also arise in the natural environment of the starter sponge by autolysis of Saccharomyces exiguus, the yeast responsible for the leavening activity in sourdough fermentations (10) . The ability of L. sanfrancisco to utilize peptides efficiently may provide a competitive advantage to these organisms and, therefore, may contribute to the stability of the sourdough ecosystem.
